
Rachel Mandelbaum	
5/23/2016	

Enhanced LSST weak lensing via 
combination with external 

spectroscopic datasets	



Outline	

•  Background	

•  Weak lensing science	

•  The case for cross-correlations	

•  Cross-correlation with spectroscopic 
datasets	

• Cross-correlation with the CMB	



Gravitational lensing	

Strong:	
multiple images	

Deflection of light by all 
gravitational mass, 	

including dark matter!	
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Gravitational lensing	

Strong:	
multiple images	

Weak: slight shape distortion	
 and magnification	

Deflection of light by all 
gravitational mass, 	

including dark matter!	
	



Weak lensing	



Weak lensing	

Coherent shape-shape (shear-shear) alignments	
OR	

Coherent foreground position-background shape alignments	



Why should you care	
about weak lensing?	

Structure growth!	 Dark matter and	
dark energy!	

ESA/Planck	

Theory of gravity!	 Galaxy-dark 
matter 

connection!	



Weak lensing �
in the era of LSST	

Image credit: LSST science book	

Starting in 2003:
 shear-shear 	

(cosmic shear) 	
got lots of	
attention	



2d (2+1d?) galaxy	
density field	

3d galaxy density + 	
peculiar velocity field	

Lensing 	
shear	

Lensing magnification	

Cosmic microwave background	



Why do we want �
that other stuff?	

It’s all about the 
systematics	

	

	



Example (schematically)	

1.  shear-shear	

2. OTHER-shear	

3. OTHER-OTHER	

If a systematic is in shear, 
but not OTHER ➯	

use the combination to 	
marginalize over the 	

systematic	



Example (schematically)	

1.  shear-shear	

2. OTHER-shear	

3. OTHER-OTHER	

•  Systematics: theoretical or observational	
•  OTHER: galaxy position is a popular one	

If a systematic is in shear, 
but not OTHER ➯	

use the combination to 	
marginalize over the 	

systematic	



Spectroscopic �
cross-correlations	



Photometric redshifts	

•  Interpreting weak lensing shears as a 
function of cosmological parameters 
requires a knowledge of distances	

•  Use of spectroscopic cross-correlations to 
calibrate photometric redshift distributions: 
see Jeff Newman’s talk	



Intrinsic alignments	
Coherent shape alignments due to	

effects rather than lensing	

Correlate these: “II” term	
(intrinsic shear - intrinsic shear)	



Intrinsic alignments	
Coherent shape alignments due to 	

effects rather than lensing	

Correlate these: “GI” term	
(lensing shear vs. intrinsic shear)	



Effect on lensing 
measurements	

•  Can give huge biases on cosmological 
parameter estimates if ignored!	

•  See, e.g., Krause+15	

➡   Need to marginalize over intrinsic alignments	

•  shear-shear	

•  Galaxy position (2d)-shear	

•  Galaxy position (2d)-galaxy position (2d)	



How do we get models?	
•  Analytic models, N-body or hydrodynamic 

simulations provide models	

•  Direct measurements of intrinsic 
alignments provide priors	

•  Ideally use spec-z to reduce 
degeneracies with redshift errors	

•  Can use either a representative spec-z 
dataset, or an un-representative one in 
cross-correlation	



Cross-correlation 
method	

•  Blazek et al (2012), Chisari et al 
(2014)	

•  Compare shear from associated 
and background galaxy	

•  Allows non-parametric IA 
constraints using spec-z tracers 
of the density field	
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Figure 3. The measured values of γ̄IA using three different techniques are shown (with each panel
showing the results for a different source color sample). Black squares indicate that the original boost
measurements have been used in eq. 4.5. Blue circles indicate the use of “extended boosts.” Green
triangles indicate that the IA contamination in the background sample was assumed to be zero. All
three methods yield results consistent within the statistical uncertainty, although assuming that the
background sample has no IA slightly biases the magnitude of γ̄IA to lower values.

IA is an ongoing theoretical challenge, made more complicated by the heterogenous nature
of source samples used in lensing studies. For this reason, we aim to make fairly minimal
assumptions and show the resulting constraints for two cases: a generalized power-law model
and a model motivated from IA measurements of LRGs.

The 1000 bootstrap realizations are combined to construct a full covariance matrix for
the IA measurement:

Ĉij =
1

Nboot − 1

Nboot∑

k=1

[γ̄IA(ri)kγ̄IA(rj)k − ⟨γ̄IA(ri)⟩⟨γ̄IA(rj)⟩] , (5.3)

where angled brackets indicate an average over the realizations. We then use this covariance
matrix to find best-fit parameters for a particular model for each bootstrap realization. At
every value of rp, a confidence interval is constructed using the Nboot predictions from the
model fits. Thus, in the case of a model with multiple parameters or one that does not
monotonically change with its parameter, the resulting confidence region envelopes may have
a shape different from the model itself. Because it is calculated from bootstrap realizations,
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A cosmic shear 
alternative / 

consistency check?	



Connection to the 
matter field	

•   shear-shear	

•  Galaxy-shear	

•  Galaxy-galaxy	

Matter-matter 	
correlations	

Galaxy-matter 	

Cross-correlation 
coefficient between 

galaxies, matter: 
generically goes to 1 on 

large scales	



Why?	
• We often know lens redshifts quite well for 

massive objects (lots of cosmological info)	

•  Use of real-space separation (not angle) 
makes it easier to marginalize over small 
scales that we cannot easily model	

•  Some shear systematics vanish in cross-
correlation, not auto-correlation	

•  Intrinsic alignments only enter due to 
photo-z error	



Proof of concept	
•  RM+13 demonstrated 

method in SDSS (too 
shallow for cosmic shear)	

•  Constraints on dark 
energy were competitive 
with cosmic shear in 
other datasets	

•  Updated analysis in 
preparation…	

26 Mandelbaum et al.

Figure 19. 2D contour plot for wCDM fits without the assumption of flatness. Line and contour styles are as in Fig. 15.

lensing analyses, particularly cosmic shear. First, we com-
pare against those from the COSMOS survey, including the
original analysis from Massey et al. (2007) and a re-analysis
in Schrabback et al. (2010). The results from Massey
et al. (2007) used a 3D analysis to infer σ8(Ωm/0.3)0.44 =
0.866+0.085

−0.068 (68 per cent CL, stat. + sys.). We can com-
pare this result against our result when fitting for σ8 and
Ωm, σ8(Ωm/0.25)0.57 = 0.80 ± 0.05 marginalised over nui-
sance parameters. The COSMOS results are ∼ 1.6σ above
ours, giving a higher amplitude of clustering. The 3D COS-
MOS lensing analysis in Schrabback et al. (2010) gives, for
flat ΛCDM, a value σ8(Ωm/0.3)0.51 = 0.75 ± 0.08, consis-
tent with our results at the ∼ 0.2σ level. Part of the rea-
son for the lower quoted clustering amplitude in Schrabback

et al. (2010) is a different treatment of the non-linear power
spectrum (more consistent with ours): if they use the same
treatment as Massey et al. (2007), they find 0.79 ± 0.09,
higher by 5 per cent. Other differences in clustering ampli-
tude between the two COSMOS results could come from the
different treatment of PSF estimation, charge-transfer ineffi-
ciency, the availability of more photometric data to improve
the photometric redshifts, or differences in analysis meth-
ods (scales used and so on). In short, the COSMOS lensing
results are consistent with ours, with the exact comparison
depending on the method of analysis and the treatment of
systematic errors.

We can also compare against cosmic shear results from
stripe 82 of the SDSS itself. There are two such results that

c⃝ 0000 RAS, MNRAS 000, 000–000



CMB �
cross-correlations	





What cross-
correlations are useful?	

•  Galaxy position – galaxy position	

•  Galaxy position – lensing of galaxies	

•  Galaxy position – lensing of CMB	

•  (and more)	

Galaxy	
bias	



Proof of concept in SDSS	

Singh & Mandelbaum (in prep)	

See Jia Liu’s 	
talk later	
today for 	
CFHTLenS	
example	



Also: cosmography	
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Singh & Mandelbaum (in prep)	

Distance to CMB	

Distance to galaxies	

See also 	
Miyatake 	

et al. paper 	
from last week	



Expect rapid progress 
in this area	

•  Initial CMB lensing detections and cross-
correlation with galaxy lensing shear – not 
too long ago!	

•  Should be a high-interest area in the next 
few years	

• Watch CMB-S4 plans…	



Conclusions	

Approach to lensing in the era of LSST:	

Cross-correlate everything.	


